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(57) Abstract: An antenna device for a small communication module providing increased bandwidth as well as a method for ob- 
taining such an arrangement are disclosed. The invention combines characteristics of Planar Inverted F Antennas (PIFA) and High 
^ Impedance Ground-Plane (HIGP) structures to increase the bandwidth of the PIFA by utilizing a Photon Band Gap (PGB) structure 
£j and additionally using an optimized counterpoise size. By inserting a high impedance ground-plane inside a Planar Inverted F An- 
tenna (1) it is possible to increase the bandwidth of the antenna without increasing its height. By additionally optimizing the size of 
a present counterpoise (10) cooperating with the antenna device, a best possible bandwidth of the device is obtained. By the use of a 
PBG structure for the embedded high impedance ground-plane in combination with the matched counterpoise it is then possible to 
^ obtain a further increased bandwidth. 
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PIFA Antenna with HIGP structure 

TECHNICAL FIELD 

The present invention relates to compact antenna devices and more 
particularly to a Planar Inverted F Antenna having inserted a high 

■ 

5 impedance ground-plane and being provided with a counterpoise of an 
optimized size as well as a method of achieving such a functional 
arrangement. 

BACKGROUND 

10 Wireless products of today and in the future must be miniaturized. The 
trend is to integrate all electronics into one module* Wireless products and 
their antennas must be miniaturized to be able to compete on the market of 
today. The limit in size of the system antenna will be dependent on the 
bandwidth of the antenna, according to Wheeler's small antenna formula. 

15 Therefore the necessary bandwidth of the system sets the smallest size of the 
antenna, The wireless products are often much smaller than the system 
wavelength. This will lead to that the antenna will induce a lot of currents on 
the rest of the conductors within the product. Therefore the whole product 
as a matter of fact acts as the antenna. 

20 

According to *IEEE Standard Definitions of Terms for Antennas* (see 
publication ISBN 1-55937-317-2, 1993) a counterpoise is a system of 
conductors, elevated above and insulated from the ground, forming a lower 
system of conductors of an antenna" . Therefore counterpoise is a better word 
25 than ground-plane. In Bluetooth™ antenna design the resonance frequency 

and bandwidth of the reflected signal towards the output power amplifier are 
important design parameters. 

Many Bluetooth™ products being developed at the moment use a Planar 
30 Inverted F Antenna (PIFA) for radiating the power into the air. The PIFA 
antenna is bandwidth limited and problems will occur regarding bandwidth 
requirements. By increasing the height of the antenna, it is possible to 
increase the bandwidth of the antenna. This is often not an attractive 
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alternative in product development due to changes in plastic case and 
product design-look. 

* 

There are found several documents disclosing solutions for improving the 
5 performance of an antenna by vary/ng different characteristics of dielectric 
substrates or ground planes, U/S. Patent No. 5,541,613 discloses a 
broadband antenna system utilizing multiple Photonic Band Gap crystals 
(PBG) for increasing its power efficiency over a larger range of frequencies 
than prior antenna systems. Another document U.S. Patent No. 5,739,796 
10 provides a multidimensional stacked Photonic Band Gap crystal structures 
improving the performance of current planar monolitic antennas and RP 
filters. The document describes a manner in which a PBG structure may be 
used to improve characteristics of an antenna. Among other things this 
substrate may be used to improve the bandwidth of the antenna. 

15 

A document U.S. Patent No. 5,406,573 discloses a periodic dielectric 
structure for production of Photonic Band Gap and a method for producing a 
PBG substrate which can be used for making wave-guides, since such a 
material is an ideal reflector at the band gap frequencies. In this way the 
20 output efficiencies of antennas could be improved. 

However there is still a demand for an efficient antenna design which fulfils 
requirements set for small modules like Bluetooth™ products. Particularly 

no overall solution has been seen, which takes into account all fundamental 
25 limitations and variations in antenna performance due to the size of the 
particular product. 

SUMMARY OF THJE INVENTION 
The present invention combines characteristics of Planar Inverted F 
30 Antennas (PIFA) and High Impedance Ground-Plane (HIGP) structures to 
increase the bandwidth of the PIFA by utilizing a Photonic Band Gap (PGB) 
structure and an optimized counterpoise size. 
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By inserting a high impedance ground-plane inside a Planar Inverted F 
Antenna it is possible to increase the bandwidth of the antenna without 
increasing its height Therefore this is an attractive alternative in product 
development due to no changes outside the antenna space. By additionally 
5 optimizing the size of a present counterpoise cooperating with the antenna 
device, a best possible bandwidth of the device is obtained. 

As the bandwidth increases with the substrate thickness and knowing the 
properties of a Photonic Band Gap structure it is then possible to further 
10 increase the bandwidth by using such a PBG structure for an embedded 
high impedance ground-plane combined with the matched counterpoise. 

A counterpoise antenna arrangement according to the present invention is 
set forth by the independent claim 1, and further embodiments of the 
15 invention are set forth by the dependent claims 2 to 4. 

Furthermore a method for obtaining counterpoise antenna arrangement 
according to the present invention is set forth by the independent claim 5, 
and further embodiments of the method according to the invention is set 
20 forth by the dependent claims 6 to 8. 

SHORT DESCRIPTION OF THE DRAWINGS 

The invention, together with further objects and advantages thereof, may 
best be understood by making reference to the following description taken 
25 together with the accompanying drawings wherein like reference numerals 
refer to corresponding elements and in which: 

FIG. 1 illustrates reflection of signal from an antenna back to a power 
amplifier due to improper matching; 

30 

FIG, 2 illustrates an illustrative embodiment of a Planar Inverted F 
Antenna positioned on a plate forming a counterpoise; 
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FIG. 3 illustrates in a plan view the Planar Inverted F Antenna of FIG. 2 
with its counterpoise; 

♦ 

FIG. 4 is a vertical cross section through the antenna according to FIG. 2 
5 indicating an embedded high impedance ground-plane structure, 

and indicating a horizontal cross section X-X through the 
structures; 

FIG. 5 illustrates a horizontal cross section along a line X-X of the Planar 
10 Inverted F Antenna of FIG. 4: and 

FIG. 6 illustrates an example of dimensions of a PBG Planar Inverted F 
Antenna, PTFA; 



15 FIG. 7 is a contour map illustrating antenna bandwidths between 50 MHz 

and 150 MHz using steps of 25 MHz between adjacent contours as 
a function of length and width of a present counterpoise when 
utilizing a PIFA arrangement according to the present invention at 
a frequency of 2,45 GHz. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 illustrates a standard situation with a RF power amplifier connected 
to an antenna intended to irradiate the radio frequency power. Typically 
there may be only a very limited bandwidth, BW, for which the output of the 

25 power amplifier experiences a good match and when the outputted power 
from the amplifier will be radiated by the connected antenna. Changing the 
operation frequency just slightly may result in a mismatch between the 
amplifier and the antenna. Then a part of the power will be reflected back 
towards the amplifier. This means a power loss, which usually will be seen 

30 as an additional heating of the amplifier, besides resulting in a low efficiency 
at the particular antenna device. 
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Consequently, there is a desire to obtain a largest possible bandwidth of an 
antenna to have the smallest possible amount of power reflected back from 
the antenna to the power amplifier, Therefore, for instance in a Bluetooth™ 

antenna design, the resonance frequency and bandwidth of the antenna for 
5 minimum reflected signal towards the output power amplifier are very 
important design parameters. 

Seeing that the bandwidth increases with the substrate thickness and 
knowing the properties of a Photonic Band Gap structure (PBG) it will be 
io possible to increase the bandwidth by using such a PBG structure (as high 
impedance ground-plane). Since many Bluetooth Planar Inverted F Antennas 
are manufactured by two 60 mil (»1.5 mm) layers, glued together by an 

adhesive film, it is possible to implement a PBG structure into a design 
according to Figure 2. The size of the PBG structure can vary. It is 
15 dependent on the dielectric constant, number of metal layers and the 
thickness of the layers. A higher dielectric constant always will result in a 
thinner PBG structure. 

■ 

According to the present inventive idea a PIFA radiator 20 with its generally 
20 non-conducting carrier substrate 1 is placed on a module which in an 
illustrative embodiment is shaped as a rectangle or a square, which will then 
act as a counterpoise. However, the counterpoise may form an arbitrary 
shaped base in line with a general module design. Figure 2 illustrates an 
illustrative embodiment of a Planar Inverted F Antenna 20 positioned on a 
25 plate 10 forming a counterpoise. The plate 10 may further carry additional 
components like for instance resistors, capacitors, semiconductor 
components and/or a number of integrated circuits 12 as illustrated in 
Figure 2. The circuits 12 may preferably be positioned at the lower surface of 
plate 10, while the entire upper surface constitutes a conducting surface 
30 screening the circuitry underneath. 

Figure 4 is a vertical cross section through the PIFA device according to 
Figure 2, indicating an embedded high impedance ground-plane structure 
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25, and indicating a horizontal cross section X-X through the structure 25. 
As indicated the high impedance ground-plane structure is connected to the 
plate constituting the counterpoise 10. Additionally, the PIFA structure is 
provided with a feeding pin 15, which in turn in the present embodiment via 
a through hole in the counterpoise 10 is connected to an output terminal of 
a power amplifier (not shown) supplying the radiator element 20 with radio 
frequency power to be radiated. 

In Figure 5 is illustrated a horizontal cross section along a line X-X of the 
Planar Inverted F Antenna of FIG. 4 seen from below. The extension of the 
radiator 20 at the top of the substrate material 1 is marked by a shaded 
area. The single layer embedded high impedance ground-plane structure 25 
is seen with its connections 27, which run down to the conducting 
counterpoise plate 10. In an example, as demonstrated in Figure 6, the 
following dimensions may be used for a single layer embedded structure 25. 
According to established dimensioning rules for X/4 dimensions with an 

assumed wavelength of 120 mm corresponding to the 2.45 GHz band and a 
thickness of layer I, ti = 2 mm and a thickness of layer II, t2 = 2 mm we 
obtain: 



in which is used a dielectric constant s r i - 1 for layer I and a dielectric 
constant Bx2 = 16 for layer H. 

For a one-layer PBG structure it is important to use a low dielectric constant 
in layer 1 to lengthen L3 and a high dielectric constant in layer 2 to shrink 
LI, The same dielectric constant can be used in both layers 1 and 2 by use 
of a multi-layer PBG structure. 

Now having a geometry as indicated in Figure 3 with the PIFA placed onto, in 
the present case, with the in this case rectangular shaped module plate 




L 2 = 0.5 j 



(approximately) 
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acting as counterpoise a next step would be to find optimum values for the 
width W and length L of the counterpoise to obtain a good bandwidth of the 
radiating device. Computerized tools like Ansoft HFSS, Optimetrics and 
MATLAB may typically be used to evaluate how the bandwidth, resonance 
5 frequency and feed point are varying with counterpoise width and length to 
thereby confirm an improved module antenna design. 

i 

In an illustrative example according to Figure 2 for a device operating for 
instance at 2.45 GHz, being a typical frequency for a design for a Bluetooth™ 

10 application, the antenna block 1 may have a length of about 20 mm, a width 
about 4 mm and a thickness about 3 mm. 

In Figure 7 is illustrated a simplified plot of the output from a computer 
calculation of a matched counterpoise using the present suggested build-up 

15 of the PIFA radiator device for operation at about 2.45 GHz and utilizing the 
suggested computerized tools. The plot in Figure 7 is from practical reasons 
just formed as a contour map covering bandwidths from about 50 MHz to 
about 150 MHz in steps of 25 MHz. This means that for instance a contour 
line marked with 125 means that within this contour the bandwidth is 125 

20 MHz or better and outside the contour the bandwidth is less than 125 MHz. 
The calculation in reality gives an even more detailed map which may be 
visualized as a color plot of bandwidths between 50 and 150 MHz for 
instance presenting a resolution of 10 MHz or better. 



25 The width W of the counterpoise 10 was in the illustrative calculation varied 
in steps of 10 mm from 20 mm up to 200 mm and the length L of the 
counterpoise was varied in steps of 10 mm from 10 mm up to 200 mm. The 
plot produced represents the antenna bandwidth by looking at the reflected 
signal from the antenna as a function of width and length of an actual 

30 counterpoise. For a length L * 40 mm and a width W » 20 mm of the 

counterpoise it is seen in Figure 7 that a bandwidth BW £125 MHz for the 
particular antenna may be obtained. It is also noted from Figure 6 that for a 
counterpoise having a width of the order of 50 mm and a length of the order 
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of 10 - 20 mm a bandwidth BW £150 MHz would be obtained. It should also 
be noted, that for a width of the order 60 mm and a length from about 
50mm to 200 mm a bandwidth of more than 125 MHz will be obtained, while 
decreasing or increasing the width by about 10 mm or more will drastically 
5 lower the bandwidth of the antenna. 

Thus by using the sketched method of evaluating the design, a proper size of 
the counterpoise can be found in combination with the present PIFA radiator 
device for operation at, for instance, 2.45 GHz with an optimum operating 
10 bandwidth. Consequently, the size of for instance a Bluetooth™ product 
should follow any of the combinations of measures obtained from such a 
calculation of a matched counterpoise according to the present disclosure in 
order to obtain a desirable best possible bandwidth. 

15 The invention has been described functionally in detail with reference to 
drawings relating to an illustrative embodiment The possibility of an arbitrary 
combination of different embodiments in order to produce an efficient and 
appropriate device is also intended to lie within the scope of the invention, 
which is defined by the appended claims. 

20 
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CLAIMS 

L An antenna device for a small communication module providing 
increased bandwidth comprising 
5 a Planar Inverted F Antenna device structure comprising an antenna 

radiator provided with a feeding pin on a non-conducting substrate, said 
Planar Inverted F Antenna device structure being positioned onto an 
arbitrary shaped base forming a counterpoise; 

an inserted high impedance ground-plane within said Planar Inverted 
10 F Antenna structure, said inserted high impedance ground-plane forming a 
Photonic Band Gap structure, thereby increasing the bandwidth without 
increasing the height of the Planar Inverted F Antenna; 

whereby the arbitrary shaped base forming the counterpoise is 
matched in length and width, thereby to obtain a minimum of reflected 
15 power from the antenna device. 

2. The antenna device according to claim 1, wherein said high 
impedance ground-plane of the Planar Inverted F Antenna device structure 
comprises a single layer structure inside the non-conducting substrate, said 

20 high impedance ground-plane comprising one or several portions connected 
to the matched counterpoise. 

3. The antenna device according to claim 1, wherein a high impedance 
ground-plane of the Planar Inverted F Antenna device structure comprises a 

25 multi-layered structure inside the non-conducting substrate. 

4. The antenna device according to claim 2, wherein said counterpoise 

* 

at the same time also constitutes the communication module containing, on 
either side or both sides, further components of a module arrangement. 

30 

5. The antenna device according to claim 3, wherein said counterpoise 
at the same time also constitutes the conununication module containing, on 
either side or both sides, further components of a module arrangement. 
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6. A method for producing a microwave antenna device for a small 
communication module providing a desired increased optimum bandwidth 
comprising the steps of: 

5 producing a Planar Inverted F Antenna device structure, for operation 

at a desired microwave frequency, said Planar Inverted F Antenna device 
structure having within its structure a high impedance ground-plane 
structure forming a Photonic Band Gap structure, thereby increasing 
bandwidth without increasing a height of the Planar Inverted F Antenna 

10 device structure; 

arranging said Planar Inverted F Antenna device structure onto an 
arbitrary base plate forming a counterpoise cooperating with the Planar 
Inverted F Antenna device structure, whereby the length and width of the 
counterpoise is matched in order to obtain a maximum bandwidth of the 

■ 

15 antenna device. 

7. The method according to claim 6, comprising the further step of 
forming the high impedance ground-plane of the Planar Inverted F Antenna 
device structure as a single layer structure inside a non-conducting 

20 substrate. 

8. The method according to claim 6, comprising the further step of 
forming the high impedance ground-plane of the Planar Inverted F Antenna 
device structure as a multi-layered structure inside a non-conducting 

25 substrate. 

9. The method according to claim 6, comprising the further step of 
using a computerized calculation for evaluating how bandwidth varies with 
resonance frequency and feed point and as a function of width and length of 

30 the counterpoise to thereby determine an optimum measure of the 
counterpoise. 
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10. The method according to claim 7, comprising the further step of 
using a computerized calculation for evaluating how bandwidth varies with 
resonance frequency and feed point and as a function of width and length of 
the counterpoise to thereby determine an optimum measure of the 

5 counterpoise. 

11. The method according to claim 8, comprising the further step of 
using a computerized calculation for evaluating how bandwidth varies with 
resonance frequency and feed point and as a function of width and length of 

10 the counterpoise to thereby determine an optimum measure of the 
counterpoise. 
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